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ABSTRACT 

Background: This study aims to assess mitral regurgitation (MR) severity’s cor-

relation with patients’ clinical and cardiac status, along with its association with car-

diovascular outcomes and overall mortality in hemodialysis (HD) patients. Methods: 

A total of 238 adult chronic HD patients with echocardiography records from October 

to December 2018 were enrolled in the study and were followed until the end of 2021, 

transfer, or death. Mitral regurgitation (MR) severity was defined by effective regur-

gitant orifice area: <0.2 cm² (mild), 0.2–0.4 cm² (moderate), and ≥0.4 cm² (severe). 

Patients were grouped as none, mild, and moderate-to-severe MR. Association of MR 

severity with major adverse cardiovascular events (MACEs), cardiovascular, and 

overall mortality was evaluated, with additional risk factors explored through sub-

group analysis. Results: Among 238 HD patients, 48 had no MR, 157 had mild MR, 

and 33 had moderate-to-severe MR. Those with moderate-to-severe MR showed more 

left ventricular (LV) hypertrophy, higher inferior vena cava diameter, and lower LV 

ejection fraction (LVEF), exhibited lower body weight, triglycerides, platelets, and 

higher alkaline-phosphatase and peripheral arterial disease prevalence. Compared to 

no MR, moderate-to-severe MR increased the risk of MACEs, cardiovascular, and 
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overall mortality (adjusted HRs: 2.18, 4.57, 4.59; 95% CI: 1.02–4.67, 1.40–14.94, 

1.60–13.20, respectively). These risks remained significant during follow-up 

(log-rank p < 0.05). For mild MR patients, LVEF <50% significantly increased 

MACEs risk. Conclusion: Moderate-to-severe MR increases MACEs, cardiovascular 

and overall mortality risk in chronic HD patients. An LVEF <50% is a key determi-

nant for MACEs in mild MR patients. 

Nonstandard abbreviations and acronyms: AST, aspartate aminotransferase; AVA, 

arteriovenous access; CAD, coronary artery disease; COPD, chronic obstructive pul-

monary disease; CV, cardiovascular; EF, ejection fraction; ESKD, end-stage kidney 

disease; HD, hemodialysis; iPTH, intact Parathyroid hormone; IVCD, inferior vena 

cava diameter; IVS, interventricular septum; Kt/V, hemodynamic efficiency; LA, left 

atrium; LAE, left atrial enlargement; LVEDD, LV end-diastolic diameter; LVPW, LV 

posterior wall; LV, left ventricle; LVESD, LV end-systolic diameter; LVEF, LV ejec-

tion fraction; LVMI, LV mass index; MAC, mitral annular calcification, MACEs, 

major adverse cardiovascular events; MR, mitral regurgitation; MVP, mitral valve 

prolapse; PAD, peripheral arterial disease; PISA, proximal isovelocity surface area; 

RAAS, renin-angiotensin-aldosterone system; RWT, relative wall thickness; SD, 

standard deviation 

 

Keywords: mitral regurgitation; major adverse cardiovascular outcomes; mortality; hemodialysis 

 

INTRODUCTION 

Valvular heart disease (VHD), affecting 

primarily the aortic and mitral valves, is preva-

lent among patients with chronic kidney disease 

(CKD), with prevalence increasing as renal func-

tion declines. Therefore, patients with end-stage 

kidney disease (ESKD), particularly those un-

dergoing hemodialysis (HD), exhibit the highest 

prevalence 1. Risk factors for VHD among pa-

tients with ESKD include traditional cardiovas-

cular risk factors—such as older age, hyperten-

sion, diabetes mellitus, and dyslipidemia—as 

well as CKD-specific risk factors, including 

CKD–mineral and bone disorder (CKD-MBD), 

chronic inflammation, oxidative stress, uremic 

toxins, altered hemodynamics, and hypoalbu-

minemia 2-5. Among ESKD patients with VHD, 

mitral regurgitation accounts for the highest 

prevalence, followed by aortic regurgitation, 

aortic stenosis, and mitral stenosis 2. Mitral re-

gurgitation (MR) is a common valvular heart 

disease, affecting about 10% of the total popula-

tion worldwide 6. The prevalence of MR in 

end-stage kidney disease (ESKD) patients on 

hemodialysis (HD) widely varies from 36.7% to 

73.7%, depending on the comorbidities, ESKD 

etiology, and HD vintage 7. MR is caused by 

abnormalities of the cardiac and valvular struc-

tures, including papillary muscle or leaflet rup-

ture, mitral annular calcification, and mitral 

valve prolapse (MVP) 6,8. The risk factors or 

diseases associated with MR include older age, 

male sex, coronary artery disease (CAD), con-

nective tissue disorders, infective endocarditis, 

congenital heart disease, and hypertension 9,10. 

In patients with MR, the backward flow of 

blood into the left atrium (LA) results in an in-

crease in left atrial pressure, which is transmitted 

to the left ventricle (LV), potentially increasing 

the volume or pressure on the LV and eventually 

resulting in LV remodeling (eccentric or concen-

tric hypertrophy) or dysfunction (heart failure 

with reduced ejection fraction) 11. Patients with 

these cardiac structural abnormalities present 

with fatigue, dyspnea, palpitations, and symp-

toms of heart failure 12. In addition, cardiac 

structural abnormalities from MR were found to 

be indicators of poor CV outcomes, which were 

dependent on the severity of MR 13.  

Using echocardiographic data from 78,000 

patients, Bansal et al. found significantly lower 
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five-year survival rates across all degrees of 

mitral regurgitation (MR) severity in individuals 

with chronic kidney disease (CKD) compared to 

those without CKD 14. These findings are further 

supported by interventional studies, including 

transcatheter edge-to-edge repair (M-TEER) 

trials, which consistently demonstrate poor out-

comes among patients with CKD, underscoring 

the adverse prognostic impact of moder-

ate-to-severe MR in these populations 15–18. The 

five-year survival rate of CAD patients was 62% 

in those without MR compared with 39% in 

those with MR 19. Among patients with LV sys-

tolic dysfunction, those with moderate-to-severe 

MR had a three-year mortality rate of 60% com-

pared 21% for those without 20. In addition, MR 

patients with atrial fibrillation or heart failure are 

at a significantly high risk of major adverse car-

diovascular events (MACEs) and overall mortal-

ity 8,21,22. The association between MR and CV 

outcomes among chronic HD patients has not 

been well studied. This study investigates the 

correlation between MR, according to severity, 

on MACE, cardiac mortality, and overall mortal-

ity among chronic HD patients. 

MATERIALS AND METHODS 
Study population and definition of MR severity 

This observational cohort study was con-

ducted at a single medical center in Taiwan. We 

enrolled 241 adult chronic HD patients who were 

treated at the HD unit of the medical center via 

functional arteriovenous access and received 

echocardiography on the mid-week non-dialysis 

day between October 1, 2018, and December 31, 

2018. Exclusion criteria included patients with-

out MR assessment (n = 3). The study ultimately 

included 238 adult chronic HD patients who had 

functional AVA with an echocardiography report. 

Data for this study were accessed and extracted 

from the institutional database between October 

1 and December 31, 2018. The observation pe-

riod was from the date of echocardiography until 

the end of 2021 or the time of death, whichever 

occurred first. The patients were divided into 

non-, mild-, and moderate-to-severe MR groups 

on the basis of their echocardiography results 

(Figure 1). The degree of MR, if present, was 

graded as none/trivial, mild, moderate, or severe 

using an integrated approach. Effective regurgi-

tant orifice area by proximal isovelocity surface 

area was used to quantify MR severity (<0.2 cm2, 

mild; 0.2–0.4 cm2, moderate; and ≥ 0.40 cm2, 

severe) 7. 

 

History, Collection, and Laboratory Data 

Patients’ data were retrospectively collect-

ed as part of the study cohort. Given the retro-

spective nature of the study, laboratory and clin-

ical data were retrieved in accordance with the 

study’s commencement date on October 1, 2018. 

Data extraction for research purposes was con-

ducted between October 1 and December 31, 

2018. Demographic and baseline clinical data for 

patients undergoing chronic HD were docu-

mented at the time of study registration. The data 

included parameters such as age, sex, weight, 

HD vintage, comorbid history (including type 2 

diabetes mellitus [DM], hypertension, hyper-

lipidemia, CAD, peripheral arterial disease 

[PAD], heart failure, chronic obstructive pulmo-

nary disease, malignancy, connective tissue dis-

ease, and rheumatic fever), and laboratory results 

(serum total protein, serum albumin, aspartate 

aminotransferase, alkaline phosphatase [Alk-P], 

total bilirubin, serum cholesterol, serum triglyc-

erides, fasting glucose, hemoglobin, serum 

platelet, iron profile, serum aluminum, serum 

uric acid, sodium, potassium, ionized calcium, 

and phosphate levels, along with HD efficiency  

[Kt/V] and intact parathyroid hormone). Blood 

samples were collected after a minimum fasting 

period of eight hours before each HD session, 

and Kt/V was calculated using the Sargent for-

mula. Patient use of antihypertensive, antidia-

betic, antiplatelet, and anticoagulant drugs was 

also recorded. 

 

Measurement of echocardiographic parameters 

The standardized transthoracic echocardi-

ography in the study was performed by a profes-

sional cardiologist using M mode or 2D echo-

cardiographic linear measurements. Cardiac 

chamber quantification and other standard struc-

tural parameters such as inferior vena cava di-

ameter (IVCD), interventricular septum (IVS), 

LA diameter, LV end diastolic diameter 

(LVEDD), LV end systolic diameter (LVESD), 

LV posterior wall (LVPW), LV mass index 

(LVMI), relative wall thickness (RWT), and 

ejection fraction (EF) were measured according 

to the recommendations of the American Society 

of Echocardiography 7. Mitral valve calcification 

can be detected through echocardiography by 

visualizing echogenic densities or calcium de-

posits on the valve leaflets or the mitral annulus. 

 

Outcome measurements 

The outcomes in this study included 

all-cause mortality, CV mortality, and MACE, 

which is defined as the occurrence of any of the 

following events: myocardial infarction, coro-

nary revascularization, stroke, or hospitalization 

for heart failure or death owing to CV etiology. 
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Statistical analysis 

The patients’ baseline characteristics were 

expressed as percentages for categorical data and 

the mean ± standard deviation for continuous 

data. Categorical variables were compared using 

the chi-squared test or Fisher’s exact test for 

numbers lower than 5, while continuous varia-

bles were compared using one-way analysis of 

variance (ANOVA) or the Kruskal–Wallis test, 

depending on whether the distribution was nor-

mal. The incidence of all-cause mortality, CV 

mortality, and MACE was calculated by compu-

ting the number of person-years at risk for each 

participant from the date of enrollment to the 

outcome onset, the date of death, or the end of 

follow-up (December 31st, 2021), whichever 

came first. Univariate Cox regression analysis 

was conducted to estimate the crude hazard ratio 

(cHR) and the 95% confidence interval (CI) for 

all-cause mortality, CV mortality, and MACE in 

patients with no, mild, and moderate-to-severe 

MR. In the multivariate Cox proportional haz-

ards models, confounding variables such as age 

and sex, with/without all significant variables 

listed in Table 1, were adjusted to estimate the 

adjusted hazard ratio (aHR) for outcome events 

in each of the three groups. The Nelson–Aalen 

method was used to calculate the cumulative risk 

of all-cause mortality, CV mortality, and MACEs 

for the three groups during follow-up; the three 

groups were compared using the log-rank test. 

All statistical analyses were performed using 

SAS version 9.4 with statistical significance set 

at a two-sided p value < 0.05. 

RESULTS 
Baseline clinical and echocardiographic char-

acteristics of the study population 

Analysis of the baseline and clinical char-

acteristics of the 238-patient cohort revealed the 

prevalence of the following valvular conditions: 

MR, 79.8%; aortic regurgitation, 42.4%; aortic 

stenosis, 11.3%; and mitral stenosis 1.3%. The 

study population was subsequently divided into 

three groups based on the severity of MR in 

echocardiographic findings: no MR (n = 48), 

mild (n = 157), and moderate-to-severe (n = 33) 

(Table 1). Patients with moderate-to-severe MR 

had significantly lower body weight and a higher 

proportion (30.3%) of PAD compared with the 

other two groups (p = 0.003, 0.034, respectively). 

Regarding laboratory test results, the group with 

moderate-to-severe MR had the highest serum 

aspartate aminotransferase and Alk-P and the 

lowest triglyceride and platelet levels of the three 

groups (all p < 0.05, Table 1). The group of pa-

tients with no MR had the highest serum potas-

sium level (p = 0.018).  

The echocardiographic data presented in 

Table 2 indicate that patients in the moder-

ate-to-severe MR group had significantly higher 

values for IVS, LVEDD, LVESD, LVPW, LV 

mass, LVMI, and IVCD, while patients with no 

MR had the lowest values (all p < 0.05). The 

moderate-to-severe MR group had the highest 

proportion of LV hypertrophy, regardless of 

whether the LV hypertrophy was concentric or 

eccentric (p = 0.038). Patients with moder-

ate-to-severe MR had the lowest EF values, 

while those without MR had the highest EF val-

ues (p < 0.001). 

 

Association of mitral regurgitation with MAC-

Es among chronic HD patients 

Cox proportional hazards analysis of out-

come events (Table 3) revealed that patients with 

moderate-to-severe MR had a significantly high-

er risk of MACE. Adjusted Cox regression anal-

ysis showed that this risk was more than two 

times higher (aHR, 2.18; 95% CI, 1.02–4.67; p = 

0.045) than for patients without MR. The cumu-

lative risk of MACE among these patients was 

also significantly higher than for in the other two 

groups during follow-up (log rank p = 0.047) 

(Figure 2A). 

 

Association of mitral regurgitation with cardi-

ovascular and overall mortality among chronic 

HD patients 

Patients with moderate-to-severe MR ex-

hibited significantly higher risk of CV mortality 

and overall mortality relative to those without 

MR. In comparison to the no-MR group, the 

crude and two adjusted HRs for CV mortality in 

the moderate-severe MR group were 4.94 (95% 

CI, 1.57–15.5), 4.21 (95% CI, 1.33–13.34), and 

4.57 (95% CI, 1.40–14.94), respectively. As for 

overall mortality, the crude and two adjusted 

HRs in the moderate-to-severe MR group were 

4.99 (95% CI, 1.80–13.86), 4.16 (95% CI, 1.49–

11.65), and 4.59 (95% CI, 1.60–13.20), respec-

tively. During the follow-up period, the analysis 

revealed that patients with moderate-to-severe 

MR had higher CV (p < 0.002) and higher over-

all mortality (p = 0.006) (Figure 2B and 2C). 

 

Subgroup 

Subgroup analysis showed that for mild 

MR, the HR for MACEs was 1.79 (95% CI, 

1.00–3.21) among patients with left atrial en-

largement (LAE) compared with those without. 

Moreover, LVEF ≤ 50% remained a risk for 

MACEs among patients with mild MR (HR, 2.79; 

95% CI, 1.08–7.23) (Figure 3A). Among patients 
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≥ 65 years of age with mild MR, the presence of 

LAE and LVEF ≤ 50% posed a higher but not 

significant risk of CV and overall mortality 

(Figures 3B, 3C). Among patients with moder-

ate-to-severe MR, age ≥ 65, the presence of LAE, 

and LVEF ≤ 50% also had a trend toward a 

higher risk of MACEs, CV, and overall mortality, 

but differences from those without were insig-

nificant (Figure 3D, 3E, 3F). 

DISCUSSION 
We observed that chronic HD patients with 

moderate-to-severe MR had lower body weight, 

serum triglycerides, and platelet counts, and 

higher Alk-P and prevalence of PAD than did 

those with no or milder MR. Moderate-to-severe 

MR leads to LV hypertrophy, high IVCD, and 

low LVEF. We found that moderate-to-severe 

MR is associated with a higher risk and inci-

dence of MACEs, CV mortality, and overall 

mortality among chronic HD patents. In chronic 

HD patients with mild MR, the presence of LAE 

and LVEF ≤ 50% is a risk for MACEs. 

Our findings are consistent with several 

studies demonstrating an inverse relationship 

between body weight and triglyceride levels with 

CV disease. The theories of “obesity paradox” 

and “triglyceride paradox” postulate that the 

poor nutritional status and lower muscle mass in 

moderate-to-severe MR leads to more symptoms 

of heart failure, including dyspnea and fatigue, 

causing patients to limit their food intake and 

decrease their physical activity 23. An association 

between high serum Alk-P and low muscle mass 

and malnutrition was also reported in chronic 

HD patients 24,25. Low platelet counts observed 

among patients with moderate-to-severe MR 

might result from a greater degree of platelet 

activation in response to their severe hemody-

namic abnormalities 26. The higher prevalence of 

PAD observed in moderate-to-severe MR pa-

tients might also be explained by an increased 

occurrence of atherosclerosis and low distal ar-

tery perfusion caused by more severe MR 27. The 

aforementioned findings emphasize the im-

portance of integrating nutritional assessment, 

sarcopenia screening, and vascular evaluation 

into the comprehensive care of chronic HD pa-

tients with moderate-to-severe MR. 

Moderate-to-severe MR patients typically 

have high IVCD levels, high proportions of LVH 

and concentric LVH, and low EF. The sympa-

thetic and renin-angiotensin-aldosterone system 

is activated to maintain adequate stroke volume 

in the presence of mitral valve regurgitation, 

leading to increased heart contractility and so-

dium and water reabsorption. The end results of 

these physiological changes include high levels 

of IVCD, LVH, and concentric LVH. Initially, 

this regulatory system can compensate to achieve 

adequate cardiac output; however, prolonged 

stretching of the LV chamber with time as the 

severity of the regurgitation increases results in 

deterioration of LV contractile function, leading 

to low EF. These findings highlight the critical 

role of cardiac monitoring in chronic HD patients 

with moderate-to-severe MR. Accordingly, 

echocardiographic surveillance—including as-

sessment of IVCD, left ventricular geometry, and 

ejection fraction—can facilitate early detection 

of cardiac decompensation, optimize fluid and 

medical management, and support timely referral 

for valve intervention, potentially improving 

outcomes in this high-risk population. 

This present study indicates that moder-

ate-to-severe MR is a risk factor for MACE and 

CV mortality among chronic HD patients. Ac-

cordingly, dysregulation of the compensation 

system might lead to a decline in LV function 

that subsequently causes the cardiac output to 

decrease and the LA to change morphologically. 

Therefore, the incidence of heart failure, atrial 

fibrillation 28, and potentially coronary hy-

poperfusion, a well-known risk factor for stroke, 

increases with MR severity. Thus, the incidence 

of CV mortality increases with MR severity be-

cause of the increased risk of fatal arrythmia, 

heart failure, and myocardial infarction.  

Moderate-to-severe MR was also found to 

be a risk factor for all-cause mortality in this 

study. In addition to the high incidence of CV 

and cerebrovascular mortality among patients 

with moderate-to-severe MR, other causes of 

mortality might increase in this population. For 

example, moderate-to-severe MR leads to pul-

monary hypertension, subsequent interstitial 

pulmonary fibrosis. and pneumonia, thereby 

increasing the mortality rate in this population 29. 

Accordingly, in chronic HD patients with mod-

erate-to-severe MR, comprehensive and regular 

evaluation of cardiac function, arrhythmia, cor-

onary artery disease, and pulmonary status is 

essential for early identification and aggressive 

management of these complications to reduce the 

risk of MACE, CV and all-cause mortality. 

Subgroup analysis showed that mild MR 

patients with LAE and LVEF ≤ 50% had a higher 

risk of MACE, CV, and overall mortality. This 

finding is consistent with other studies reporting 

that LAE is independently associated with 

all-cause mortality because LAE increases the 

risk of atrial fibrillation, stroke, and heart failure 
30. However, no study has determined why LAE 

is more significant in patients with mild MR than 
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in those without or with moderate-to-severe MR. 

We postulate that patients with mild MR have a 

low incidence of MACEs mainly due to their 

sufficient tolerance to volume buildup. However, 

if MR is complicated with LAE, then structural 

changes may disturb the LV compensation 

mechanisms either via conduction or hemody-

namic disturbances. This effect may not be as 

significant as in moderate-to-severe MR patients 

because their compensatory mechanisms are 

already compromised. One other possible expla-

nation is that moderate-to-severe MR patients 

may have another more dominant factor at play 

that influences MACE, CV mortality, and overall 

mortality. In MR patients with LVEF, the MR 

compensatory mechanics allow for more LV 

emptying to maintain adequate forward blood 

flow, causing EF to increase 31. EF may even rise 

in severe MR patients with normal LV function. 

Therefore, a decrease in LVEF at an earlier stage, 

as in mild MR patients where volume buildup is 

less, may reflect very poor contractile dysfunc-

tion that could explain the worse outcomes 

among these patients. Although chronic HD pa-

tients with mild MR had better MACEs, CV and 

all-cause mortality than those with moder-

ate-to-severe MR, we still need to carefully un-

derstand whether there is LAE and poor EF in 

chronic HD patients with mild MR based on the 

study results. LAE is a well-established marker 

of chronic left atrial pressure/volume overload 

and a predictor of atrial fibrillation, stroke, and 

heart failure 4. An LVEF ≤50% can indicate 

early LV systolic dysfunction, particularly omi-

nous with limited cardiac reserve 32. Therefore, 

cardiac morphology and function should still be 

measured and followed in chronic HD patients 

with mild MR. 

This study has several limitations. First, 

the cohort sample size was relatively small, 

which may limit statistical power. Second, the 

data were collected from a single urban medical 

center, and nearly all enrolled patients were of 

Han Chinese ethnicity; thus, the findings may 

potentially limited generalizability to broader or 

more diverse populations. Third, the etiology of 

MR could not be determined within this dataset. 

Fourth, important clinical variables such as fluid 

management and medication use during fol-

low-up – both of which might affect the out-

comes – were not accounted for. 

CONCLUSIONS 
In chronic HD patients, moderate-to-severe 

MR is a risk factor for MACEs, CV mortality, 

and overall mortality. Among HD patients with 

mild MR, LVEF < 50% is a determining factor 

for the occurrence of MACEs. 
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FIGURE AND FIGURE LEGENDS 

 

 
Figure 1. Flowchart for enrollment of chronic HD patients into the study cohort. 
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Figure 2. Kaplan–Meier curves for the cumulative incidence of MACE (A), cardio-

vascular survival (B), and overall survival (C) among chronic HD patients according 

to MR severity during three years of follow-up. 
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Figure 3. Forest plot for subgroup risk analysis of mild MR for MACEs 

(A), cardiovascular mortality (B), and overall mortality (C) and of mod-

erate-to-severe MR for MACEs (D), cardiovascular mortality (E), and 

overall mortality (F). HRs are adjusted for age, sex, PAD, platelet, potas-

sium, insulin, and insulin analogs. 
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TABLES 

Table1. Baseline characteristics of chronic HD patients according to severity of MR 

  MR (–) Mild MR 
Moderate/severe 

MR 
p 

Number of pa-

tients 
48 157 33 --- 

Age (years) 63.4±12.4 65.1±12.0 67.2±14.5 0.407* 

Sex, female (%) 25 (52.1) 69 (43.9) 15 (45.5) 0.612† 

Weight (kg)  60.8 (52.5,74.5) 58.8 (51.0,69.0) 51.0 (43.5,61.2) 0.003§ 

Hemodialysis 

vintage (years)  
6.3 (2.0,11.2) 5.7 (2.8,12.0) 5.2 (2.6,9.6) 0.771§ 

Comorbidities 

(%) 
    

Type 2 DM 17 (35.4) 73 (46.5) 13 (39.4) 0.355† 

Hypertension  37 (77.1) 123 (78.3) 26 (78.8) 0.979† 

Hyperlipidemia 24 (50.0) 85 (54.1) 14 (42.4) 0.457† 

CAD 15 (31.3) 66 (42.0) 14 (42.4) 0.390† 

PAD 5 (10.4) 42 (26.8) 10 (30.3) 0.044† 

Heart failure 9 (18.8) 30 (19.1) 8 (24.2) 0.782† 

COPD 2 (4.2) 16 (10.2) 6 (18.2) 0.127‡ 

Malignancy 5 (10.4) 19 (12.1) 2 (6.1) 0.741‡ 

Connective tis-

sue disease 
0 (0.0) 3 (1.9) 0 (0.0) 1.000‡ 

Rheumatic fe-

ver 
0 (0.0) 2 (1.3) 0 (0.0) 1.000‡ 

Laboratory 

data 
    

Albumin 

(gm/dL) 
4.0 (3.7,4.1) 3.9 (3.7,4.1) 3.9 (3.6,4.0) 0.168§ 

A.S.T. (IU/L) 15.5 (12.0,18.0) 15.0 (12.0,19.0) 17.0 (13.0,25.0) 0.154§ 

Alkaline-P 

(IU/L) 
61.5 (50.5,75.5) 65.0 (52.0,83.0) 76.0 (60.0,112.0) 0.013§ 

Cholesterol 

(mg/dL) 

157.5 

(142.0,186.5) 

151.0 

(128.0,176.0) 

155.0 

(131.0,182.0) 
0.272§ 

Triglyceride 

(mg/dL) 

117.0 

(95.5,177.0) 

108.0 

(81.0,168.0) 
70.0 (51.0,105.0) 

<0.001
§ 

Fasting glucose 89.0 (82.5,114.0) 94.0 (85.0,121.0) 95.0 (84.0,124.0) 0.610§ 
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(mg/dL) 

Hemoglobin 

(g/dL) 
10.3 (9.6,11.1) 10.3 (9.6,11.1) 9.9 (9.4,10.4) 0.143§ 

Platelet 

(×1000/µL) 
212.8±58.5 188.3±55.1 173.7±54.4 0.005* 

Ferritin (ng/mL) 
581.1 

(429.0,731.8) 

544.7 

(437.1,688.3) 

584.1 

(446.5,668.2) 
0.792§ 

Al (ng/mL) 5.9 (4.6,8.3) 6.0 (4.6,7.6) 5.6 (4.0,9.4) 0.841§ 

Uric acid 

(mg/dL) 
6.8 (5.7,7.4) 6.3 (5.4,7.2) 6.3 (5.8,7.0) 0.535§ 

Na (meq/L)  
138.0 

(136.5,140.0) 

138.0 

(136.0,140.0) 

138.0 

(136.0,139.0) 
0.800§ 

K (meq/L) 4.9 (4.4,5.3) 4.5 (4.2,5.0) 4.7 (4.2,5.1) 0.017§ 

iCa (mg/dL) 4.6±0.5 4.6±0.5 4.6±0.5 0.921* 

P (mg/dL) 5.2 (4.3,5.9) 4.9 (3.9,5.7) 5.2 (4.5,6.3) 0.300§ 

Kt/V (Gotch) 1.4 (1.3,1.5) 1.4 (1.3,1.5) 1.4 (1.3,1.5) 0.813§ 

PTH (pg/mL) 
253.3 

(133.3,436.9) 

183.7 

(81.7,346.3) 

266.5 

(129.1,374.4) 
0.033§ 

Medication use 

(%) 
    

An-

ti-hypertensive 

drugs 

    

ACEI/ARB 25 (52.1) 83 (52.9) 20 (60.6) 0.695† 

Beta-blockers 19 (39.6) 83 (52.9) 21 (63.4) 0.091† 

Calcium antag-

onists 
29 (60.4) 88 (56.1) 25 (75.8) 0.110† 

Calcium-based 

PB 
33 (68.8) 91 (56.0) 18 (54.6) 0.334† 

Non-calcium 

based PB 
11 (22.9) 30 (19.1) 9 (27.3) 0.541† 

Calcitriol 25 (52.1) 64 (40.8) 13 (39.4) 0.348† 

Statins 18 (37.5) 54 (34.4) 11 (33.3) 0.907† 

OAD 16 (33.3) 47 (29.9) 7 (21.2) 0.486† 

Insulin and an-

alogs 
3 (6.3) 34 (21.7) 4 (12.1) 0.001† 

Antiplatelets  15 (31.3) 72 (45.9) 14 (42.4) 0.201† 



Fu-Jen Journal of Medicine Vol. 23, No. 3, 2025 

 

Mitral regurgitation in chronic hemodialysis 

Wan-Lun Hsu, Yukiko Ono, Zhi-Yi Lee, Shiou-Cheng Hu, Noi Yar, Ya Ker Huang, Chung-Kuan Wu 

14 

Anticoagulants 0 (0.0) 10 (6.4) 0 (0.0) 0.085‡ 

Data are expressed as n (%) for categorical variables and mean ± standard deviation or median (lower 

quartile Q1–upper quartile Q3) for continuous variables. DM, diabetes mellitus; PAD, peripheral arte-

rial disease; COPD, chronic obstructive pulmonary disease; AST, aspartate aminotransferase; TSAT, 

transferrin saturation; Al, aluminum; PTH, parathyroid hormone; ACEI/ARB, angiotensin-converting 

enzyme inhibitor/angiotensin II receptor blocker; OAD, oral antidiabetic medications; PB, phosphate 

binders. *One-way ANOVA test §Kruskal Wallis test †Chi-square test ‡Fisher’s exact test 
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Table2. Echocardiographic findings of chronic HD patients according to severity of 

MR 

 MR (–) Mild MR 
Moderate-to-severe 

MR 
p 

Aortic root (mm, 

range) 

32.00 

(29.50,36.00) 

31.00 

(29.00,35.00) 
32.00 (29.00,34.00) 0.402§ 

IVS (mm) 
11.00 

(11.00,13.00) 

11.00 

(10.00,13.00) 
13.00 (12.00,15.00) 0.001§ 

LA diameter (mm) 
41.00 

(39.00,45.00) 

42.00 

(37.00,48.00) 
45.00 (41.00,50.00) 0.053§ 

LVEDD (mm) 47.94±7.07 49.38±7.22 52.26±7.94 0.033* 

LVESD (mm) 
28.50 

(24.00,32.00) 

30.00 

(26.00,35.00) 
37.00 (28.70,39.00) <0.001§ 

LVPW (mm) 
11.00 

(9.00,12.00) 

11.00 

(9.22,12.00) 
11.10 (10.00,13.00) 0.072§ 

LV mass (g) 
213.06 

(163.77,252.44) 

211.14 

(166.87,259.71) 

260.53 

(222.67,320.08) 
0.001§ 

LVMI§ 
129.91 

(104.55,153.46) 

128.41 

(106.53,151.16) 

166.75 

(153.87,212.11) 
<0.001§ 

RWT (mm) 0.45 (0.37,0.54) 0.43 (0.37,0.49) 0.43 (0.38,0.48) 0.757§ 

IVC diameter 

(mm)  
14.35±3.78 14.77±4.18 17.59±5.04 0.001* 

EF (%) 
72.00 

(67.00,77.50) 

69.00 

(62.00,76.00) 
63.00 (54.00,66.00) <0.001§ 

MVC 15 (31.3) 70 (44.6) 13 (39.4) 0.253† 

LVH 34 (70.8) 109 (69.4) 31 (93.9) 0.026† 

0.034† 

0.571† 

Concentric 19 (39.6) 55 (35.0) 17 (51.5) 

Eccentric 15 (31.3) 54 (34.4) 14 (42.4) 

MVP 0 (0.0) 3 (1.9) 2 (6.1) 0.198‡ 

Leaflet perforation  1 (2.1) 1 (0.6) 1 (3.0) 0.268‡ 

Mechanical valve 0 (0.0) 4 (2.5) 0 (0.0) 0.767‡ 

Data are expressed as n (%) for categorical variables and mean ± standard deviation or median (lower 

quartile Q1–upper quartile Q3) for continuous variables for continuous data. IVS, interventricular sep-

tum; LA, left atrium; LVEDD, LV end-diastolic diameter; LVESD, LV end-systolic diameter; LVPW, 

LV posterior wall; LV, left ventricle; LVMI, LV mass index; IVC, inferior vena cava; EF, ejection 

fraction; MVC, mitral valve calcification. *One-way ANOVA §Kruskal Wallis †Chi-square test 

‡Fisher’s exact test  
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Table3. Cox proportional hazards analysis of major adverse cardiovascular events, 

cardiovascular mortality, and overall mortality among chronic HD patients 

  N Events PY Rate 

Crude Model 1* 
Model 

2* 

HR (95% CI) HR (95% CI) 

HR 

(95% 

CI) 

MACEs 

MR (-) 48 12 136 8.8 1.00 1.00 1.00 

Mild MR 157 57 396 14.4 1.59 (0.85–2.97) 1.50 (0.80–2.80) 

1.32 

(0.69–

2.53) 

Moderate-to-severe 

MR 
33 17 17 22.1 2.48 (1.18–5.20) 2.23 (1.06–4.68) 

2.18 

(1.02–

4.67) 

CV mortality 

MR (-) 48 4 152 2.6 1.00 1.00 1.00 

Mild MR 157 25 449 5.6 2.13 (0.74–6.11) 1.95 (0.68–5.61) 

1.71 

(0.58–

5.07) 

Moderate-to-severe 

MR 
33 11 85 12.9 4.94 (1.57–15.5) 

4.21 (1.33–

13.34) 

4.57 

(1.40–

14.94) 

Mortality 

MR (-) 48 5 152 3.3 1.00 1.00 1.00 

Mild MR 157 34 449 7.6 2.31 (0.90–5.90) 2.12 (0.83–5.41) 

1.82 

(0.70–

4.78) 

Moderate-to-severe 

MR 
33 14 85 16.5 4.99(1.80,13.86) 

4.16 (1.49–

11.65) 

4.59 

(1.60–

13.20) 

PY: person-years, Rate: incidence rate per 100 person-years. Model 1: adjusted for age and sex; Model 

2: adjusted for age, sex, PAD, platelet count, potassium, and insulin and analogs. 
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Moderate to severe mitral regurgitation affects major adverse cardiovascular out-

comes and mortality among chronic hemodialysis patients 

中重度二尖瓣逆流對慢性血液透析患者重大不良心血管事

件及死亡率的影響 

徐婉倫 1,2 小野由紀子 2 李知誼 3 胡修誠 3 Noi Yar4 黃雅哥 4 

吳重寬 3,4,5* 

中文摘要 

背景：本研究旨在評估二尖瓣逆流（mitral regurgitation, MR）嚴重程度與慢

性血液透析（hemodialysis, HD）患者之臨床與心臟狀況的相關性，以及其與心

血管預後及整體死亡率之關聯。方法：本研究共納入 2018 年 10 月至 12 月期間

接受心臟超音波檢查的 238 名成年慢性 HD 患者，並追蹤至 2021 年底、轉院或

死亡。依據MR 嚴重程度，將患者分為無 MR、輕度MR 及中重度MR 三組。進

一步分析 MR 嚴重程度與重大不良心血管事件（major adverse cardiovascular 

events, MACEs）、心血管死亡率及整體死亡率之關聯，並進行亞組分析以辨識其

他危險因子。結果：238 名 HD 患者中，48 人無 MR、157 人輕度MR、33 人中

重度MR。中重度MR顯著與左心室肥厚、下腔靜脈徑擴大及左心室射出分率（left 

ventricular ejection fraction, LVEF）降低有關，此外，此群體亦表現出體重較低、

三酸甘油脂與血小板數較低、鹼性磷酸酶較高，以及較高的周邊動脈疾病盛行率。

與無 MR 者相比，中重度 MR 患者在調整臨床變項後，MACEs、心血管及整體

死亡風險顯著增加（調整後風險比[aHR]分別為 2.18、4.57、4.59；95%信賴區間

為 1.02–4.67、1.40–14.94、1.60–13.20）。追蹤期間內，中重度MR在統計上仍

為上述預後的重要風險因子（log-rank檢定，p < 0.05）。在輕度 MR 患者中，LVEF

低於 50%者之MACEs 風險顯著升高。結論：中重度MR 顯著增加慢性 HD患者

發生MACEs、心血管死亡及整體死亡之風險；而在輕度 MR 患者中，LVEF <50% 

為MACEs 的重要預測因子。 
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ABSTRACT 

Background: Melanoma is a highly aggressive skin cancer with poor prognosis 

once metastasis occurs. Identifying metastasis-suppressive biomarkers is crucial for 

improving clinical outcomes. Materials and methods: We integrated three GEO da-

tasets (GSE65904, GSE59455, GSE8401) to identify differentially expressed genes 

(DEGs) between metastatic and primary melanoma tissues. GO/KEGG enrichment, 

PPI network construction, and hub gene analysis were performed using STRING, 

Cytoscape (MCODE, CytoHubba), and Venn analysis. Clinical significance was vali-

dated via GEPIA and OSdream platforms. Results: We identified 37 overlapping 

DEGs enriched in keratinocyte differentiation and epithelial barrier functions. loricrin 

(LOR), Keratin 6B (KRT6B), and filaggrin (FLG) were consistently downregulated in 

melanoma and identified as hub genes. Among them, LOR expression correlated with 

longer metastasis-free survival (p = 0.0466) and was negatively associated with 

ADAM12, ITGA4, and CDK1 expression in melanoma. These results suggest that 

LOR may suppress melanoma metastasis. Conclusion: LOR is a potential biomarker 

for predicting melanoma metastasis and progression, highlighting its value for prog-

nosis and therapeutic targeting. 

 

Keywords: melanoma, metastasis, loricrin (LOR), bioinformatics, differentially expressed genes 

(DEGs) 
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INTRODUCTION 
Melanoma is a highly aggressive form of 

skin cancer originating from melanocytes and 

accounts for the majority of skin cancer–

related deaths despite representing less than 

5% of all cutaneous malignancies 1. Its inci-

dence has steadily increased worldwide over 

the past few decades, particularly among 

fair-skinned populations, posing a growing 

public health concern 2. While early-stage 

melanomas are often curable by surgical exci-

sion, advanced or metastatic cases are associ-

ated with poor prognosis, with a median sur-

vival of approximately 9–12 months and a 

5-year survival rate below 25% 1, 2.  

Current treatment strategies for advanced 

melanoma include immune checkpoint inhibi-

tors (e.g., anti-PD-1, anti-CTLA-4 antibodies) 

and BRAF/MEK-targeted therapies, which 

have significantly improved overall survival in 

subsets of patients 1-3. However, a substantial 

proportion of patients develop resistance or fail 

to respond, underscoring the need for novel 

biomarkers to predict disease progression and 

identify new therapeutic targets 4. Among 

promising biomarkers, recent studies have 

highlighted ADAM12, ITGA4, and CDK1 for 

their pivotal roles in melanoma progression. 

ADAM12, a member of the metalloproteinase 

family, contributes to tumor cell invasion and 

metastasis by remodeling the extracellular 

matrix and enhancing cellular migratory ca-

pacities 5. Similarly, ITGA4 (integrin alpha-4) 

is involved in mediating cell adhesion and 

migration, critical for the dissemination of 

gastric cancer 6. Additionally, cyclin-dependent 

kinase 1 (CDK1), a key regulator of cell cycle 

progression, is frequently upregulated in mel-

anoma, promoting rapid tumor proliferation 

and resistance to apoptosis 7. High CDK1 ac-

tivity has been associated with aggressive tu-

mor behavior and reduced patient survival 

rates, underscoring its potential as both a 

prognostic biomarker and therapeutic target in 

melanoma management 8. Since distant metas-

tasis is the major driver of melanoma lethality, 

understanding the molecular mechanisms un-

derlying metastatic spread and discovering 

robust predictive biomarkers are critical priori-

ties in melanoma research and precision on-

cology. 

Metastasis is a complex, multistep pro-

cess involving local invasion, epitheli-

al-to-mesenchymal transition (EMT), cyto-

skeletal remodeling, immune evasion, intrava-

sation, and colonization of distant organs 2, 4. 

Melanoma is particularly prone to early sys-

temic dissemination, including to the lungs, 

liver, brain, and bone 9. Traditional histo-

pathological parameters, such as Breslow 

thickness and ulceration status, are insufficient 

to capture the molecular diversity of metastatic 

potential across patients 3. To address this, 

transcriptomic analyses using high-throughput 

platforms (e.g., GEO and TCGA) combined 

with bioinformatics pipelines—such as 

GO/KEGG enrichment, protein–protein inter-

action (PPI) network analysis, and hub gene 

identification algorithms (e.g., MCODE, Cy-

toHubba)—have emerged as powerful tools to 

uncover differentially expressed genes (DEGs) 

involved in metastasis 2, 10. 

Loricrin (LOR) is a major component of 

the cornified envelope and plays a central role 

in terminal keratinocyte differentiation, epithe-

lial barrier formation, and resistance to oxida-

tive stress 11, 12. It is abundantly expressed in 

the suprabasal layers of stratified squamous 

epithelium and has been implicated in barri-

er-related skin disorders such as ichthyosis, 

psoriasis, and atopic dermatitis 13, 14. In cancer, 

altered LOR expression has been observed in 

squamous cell carcinomas of the skin, esoph-

agus, and cervix, with roles in cell adhesion, 

cornification, and epithelial integrity 10, 15. 

Recent studies suggest that downregulation of 

peritumoral LOR is associated with poor 

prognosis and increased metastasis risk in 

melanoma, especially when coupled with loss 

of AMBRA1 expression in the epidermis 

overlying tumors 16-18. However, the precise 

biological role of LOR in melanoma progres-

sion and its mechanistic contribution to metas-

tasis remain poorly understood. 

In this study, we investigated metasta-

sis-associated gene signatures in melanoma by 

integrating multiple GEO datasets comparing 

metastatic and non-metastatic melanoma tis-

sues. Through differential expression analysis, 

Venn diagram intersection, and functional 

enrichment, we identified 37 overlapping 

DEGs associated with keratinocyte differentia-

tion, epithelial barrier regulation, and cyto-

skeletal remodeling. PPI network construction 

and hub gene analysis revealed LOR, KRT6B, 

and FLG as central nodes. Notably, LOR was 

significantly downregulated in melanoma tis-

sues and demonstrated prognostic value in 

survival analyses using TCGA and OSdream 

platforms. Additionally, LOR expression nega-

tively correlated with several metasta-

sis-related DEGs in the GEO datasets. These 

findings suggest that LOR may function as a 

metastasis suppressor in melanoma and hold 
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promise as a prognostic biomarker for disease 

progression. 

MATERIALS AND METHODS 
2.1 Data Sources 

Three microarray datasets—GSE65904, 

GSE59455, and GSE8401—were retrieved 

from the Gene Expression Omnibus (GEO) 

database (https://www.ncbi.nlm.nih.gov/geo/) 
19-21. These datasets were selected based on 

criteria including sample size, data quality, and 

the inclusion of both primary and metastatic 

melanoma tissues, to enable the robust identi-

fication of consistently differentially expressed 

genes (DEGs). GSE65904 (GPL10558, Illu-

mina HumanHT-12 V4.0) (Jan 24, 2020) con-

tains 124 metastatic and 16 primary melanoma 

samples. GSE59455 (GPL8432, Illumina Hu-

manRef-8 WG-DASL v3.0) (Apr 10, 2018) 

includes 54 metastatic and 22 primary samples. 

GSE8401 (GPL96, Affymetrix Human Ge-

nome U133A Array) (Sep 16, 2019) consists of 

52 metastatic and 31 primary tumor samples. 

All three datasets were generated from micro-

array-based transcriptomic profiling platforms, 

and samples were selected to ensure a balanced 

comparison between primary and metastatic 

melanoma tissues. 

2.2 Identification of Differentially Expressed 

Genes 

DEGs between metastatic and primary 

melanoma tissues were identified using 

GEO2R, an online analysis tool based on the 

limma package in R. Genes were considered 

differentially expressed if they met the thresh-

olds of adjusted p-value < 0.05 (Benja-

mini-Hochberg correction) and |log₂ fold 

change| > 1 22. GEO2R automatically applies 

normalization and background correction for 

each dataset. The InteractiVenn tool 

(https://www.interactivenn.net/) was used to 

determine overlapping DEGs across all three 

datasets 22, 23. 

2.3 GO and KEGG Enrichment Analyses 

Gene Ontology (GO) enrichment analy-

sis was performed using ShinyGO (v0.82; 

http://bioinformatics.sdstate.edu/go/). Enriched 

terms were categorized into biological process 

(BP), cellular component (CC), and molecular 

function (MF) domains. Kyoto Encyclopedia 

of Genes and Genomes (KEGG) pathway 

analysis was also conducted. Statistical signif-

icance was defined as p < 0.01 and false dis-

covery rate (FDR) < 0.05 24-26. 

 

 

 

2.4 Protein–Protein Interaction (PPI) Net-

work Construction and Hub Gene Identifi-

cation 

Overlapping DEGs were input into the 

STRING database (https://string-db.org) to 

construct a PPI network using a minimum 

interaction score of 0.4 27, 28. The resulting 

network was imported into Cytoscape (v3.10.2) 

for visualization and analysis. MCODE (v1.5.1) 

was used to detect modules with default pa-

rameters (degree cutoff = 2, node score cutoff 

= 0.2, K-Core = 2, max depth = 100). Cyto-

Hubba was applied to rank nodes using five 

algorithms: MCC, Degree, DMNC, NMC, and 

EPC. Top 10 hub genes were identified, and 

cross-algorithm consensus analysis yielded 

three key candidate genes for further validation 
29, 30. 

2.5 Expression Analysis and Survival Cor-

relation 

The GEPIA platform 

(http://gepia.cancer-pku.cn), based on TCGA 

and GTEx data, was used to compare gene 

expression between melanoma and normal 

skin tissues 31. The OSdream platform 

(https://bioinfo.henu.edu.cn/OSdream/) was 

utilized to assess: differential expression in 

metastatic vs. non-metastatic melanoma tissues, 

expression differences in recurrent vs. 

non-recurrent samples, and the impact of gene 

expression on metastasis-free survival (MFS) 
32. The p-value reported for the analysis of 

metastasis-free survival was derived from a 

log-rank test comparing high versus low ex-

pression groups (top vs. bottom quartiles) us-

ing the GSE65904 dataset. The hazard ratio 

(HR) was calculated using univariate Cox 

regression via OSdream. 

2.6. Correlation Analysis 

The correlation between selected hub 

genes and metastasis-related genes was ana-

lyzed using expression data from GEO datasets. 

Pearson correlation coefficients were calculat-

ed, and significance was assessed using appro-

priate statistical tests. 

2.7. Statistical Analysis 

Two-tailed unpaired t-tests were used to 

compare gene expression between groups. 

Multiple testing correction was performed 

using the Benjamini–Hochberg method (FDR) 

for DEG and enrichment analysis. For survival 

analysis, Kaplan–Meier curves, log-rank tests, 

and univariate Cox regression were used to 

evaluate metastasis-free survival. Correlation 

analysis between hub genes and metasta-

sis-related genes was performed using Pearson 

correlation coefficients. Statistical significance 
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was set at p < 0.05 unless otherwise stated. 

RESULTS 
3.1 Identification of Common Differentially 

Expressed Genes (DEGs) Associated with 

Melanoma Metastasis 

To identify potential target genes involved in 

melanoma metastasis for diagnostic or thera-

peutic purposes, we analyzed three publicly 

available gene expression datasets from the 

Gene Expression Omnibus (GEO): GSE65904, 

GSE59455, and GSE8401. These datasets 

contain gene expression profiles from both 

primary melanoma tissues and metastatic 

melanoma tissues. Volcano plots were gener-

ated to visualize differentially expressed genes 

(DEGs), with the log₂ fold change on the 

X-axis and −log₁₀(p-value) on the Y-axis. Sig-

nificantly upregulated genes are shown in red, 

downregulated genes in blue, and 

non-significant genes in gray (Figure 1A–C). 

The dataset sample distributions were as fol-

lows: GSE8401: 31 primary and 52 metastatic 

samples; GSE59455: 22 primary and 54 meta-

static samples; GSE65904: 16 primary and 124 

metastatic samples (Figure 1D). To ensure 

consistency and robustness, we conducted an 

overlap analysis using a Venn diagram, which 

identified 37 DEGs shared across all three 

datasets (Figure 1E). These genes were con-

sidered strong candidates for further investiga-

tion into their roles in melanoma progression 

and metastasis. 

3.2 Functional Enrichment Analysis Sug-

gests Involvement in Skin Barrier Integrity 

and Melanoma Metastasis 

To explore the biological significance of the 

37 common DEGs, we performed Gene On-

tology (GO) and Kyoto Encyclopedia of Genes 

and Genomes (KEGG) enrichment analyses. In 

the biological process (BP) category, the DEGs 

were significantly enriched in pathways asso-

ciated with epidermal development and differ-

entiation, including keratinocyte differentiation, 

epithelial development, keratinization, skin 

barrier formation, and regulation of water ho-

meostasis (Figure 2A). These functions are 

crucial for maintaining skin integrity and may 

influence tumor dissemination when dysregu-

lated. In the cellular component (CC) category, 

enriched terms included cornified envelope, 

keratin filaments, intermediate filament cyto-

skeleton, lamellar bodies, and multiple extra-

cellular matrix (ECM)-related structures such 

as collagen-containing ECM and extracellular 

vesicles (Figure 2B). These components are 

essential for structural cohesion and tumor 

microenvironment interactions. In the molecu-

lar function (MF) category, DEGs were associ-

ated with structural constituents of the skin 

epidermis and cytoskeleton, as well as pepti-

dase inhibitor activity and enzyme regulator 

activity (Figure 2C). These functions are often 

involved in cell adhesion, invasion, and migra-

tion, key events in metastasis. KEGG pathway 

analysis further revealed significant enrich-

ment in the melanogenesis pathway, suggest-

ing that dysregulation of these DEGs may 

impact melanocyte differentiation and mela-

noma development (Figure 2D). Taken togeth-

er, the functional annotation results indicate 

that the identified DEGs are involved in epi-

dermal barrier regulation, cytoskeletal struc-

ture, and signaling pathways relevant to mela-

noma metastasis. Their altered expression may 

compromise skin barrier integrity and facilitate 

tumor invasion and distant dissemination. 

3.3 Identification of Key Hub Genes Associ-

ated with Melanoma Metastasis 

Given that the identified DEGs may play 

crucial roles in promoting melanoma invasion 

and metastasis, we next sought to identify the 

most functionally significant hub genes from 

this DEG set. To this end, we first constructed 

a protein-protein interaction (PPI) network 

using the STRING database (Figure 3A). The 

resulting network was visualized and further 

analyzed using Cytoscape software. To identify 

key functional modules, the MCODE plugin 

(v1.5.1) was used with default parameters to 

detect highly interconnected clusters within the 

PPI network (Figure 3B). Subsequently, we 

applied the CytoHubba plugin to rank the top 

hub genes based on five different topological 

analysis algorithms: MCC, Degree, DMNC, 

NMC, and EPC (Figure 3C–G). To ensure 

consistency and robustness, a Venn diagram 

was used to identify genes that were common-

ly ranked in the top 10 across all five algo-

rithms. This analysis revealed three consistent 

hub genes: LOR, KRT6B, and FLG (Figure 

3H). To validate their relevance to melanoma 

biology, we analyzed the expression of these 

hub genes using the GEPIA platform, which 

integrates data from TCGA and GTEx. All 

three genes were significantly downregulated 

in melanoma tissues compared with normal 

skin tissues (Figure 4). These findings suggest 

that the decreased expression of LOR, KRT6B, 

and FLG may contribute to melanoma devel-

opment and possibly to its metastatic behavior. 
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3.4 Clinical Relevance of Hub Genes in 

Melanoma Metastasis and Prognosis 

Since melanoma metastasis and recur-

rence are primary contributors to therapeutic 

failure and poor patient prognosis 2, 33, we in-

vestigated the clinical relevance of the three 

hub genes using the TCGA database via the 

OSdream platform. First, we compared hub 

gene expression levels between melanoma 

tissues with and without metastasis. LOR and 

KRT6B were significantly down-regulated in 

metastatic tissues, suggesting a potential me-

tastasis-suppressive role. In contrast, FLG 

expression showed no significant difference 

(Figure 5A–C). We further assessed whether 

these hub genes were associated with melano-

ma recurrence. Expression levels of LOR, 

KRT6B, and FLG did not differ significantly 

between recurrent and non-recurrent melano-

ma tissues, indicating a limited role in recur-

rence prediction (Figure 5E–G). To evaluate 

the prognostic value, we performed metasta-

sis-free survival (MFS) analysis using the 

GSE65904 dataset. Among the three genes, 

only LOR exhibited a significant prognostic 

association: patients with high LOR expression 

(top 25%) had better MFS compared to those 

with low expression (p = 0.0466, HR = 0.5477) 

(Figure 6B). In contrast, KRT6B (p = 0.5859) 

and FLG (p = 0.3074) were not significantly 

associated with MFS (Figure 6A, C). These 

results support LOR as a potential metasta-

sis-suppressor gene in melanoma and a prom-

ising prognostic biomarker for patient stratifi-

cation and treatment planning. 

3.5 Correlation Analysis Suggests LOR as a 

Negative Regulator of Melanoma Metastasis 

To further explore the biological rele-

vance of LOR in melanoma metastasis, we 

conducted a correlation analysis between LOR 

expression and metastasis-related genes using 

the GSE8401 dataset. This analysis aimed to 

determine whether LOR is associated with 

known metastasis-promoting genes, thereby 

supporting its role as a potential predictive or 

therapeutic target in melanoma. We selected 

several metastasis-associated DEGs for com-

parison. The analysis revealed that LOR ex-

pression was negatively correlated with: 

ADAM12 (r = –0.2805, p = 0.0102), a gene 

implicated in extracellular matrix remodeling 

and tumor invasiveness 34, 35; ITGA4 (r = –

0.2470, p = 0.0241), a member of the integrin 

family associated with tumor cell migration 

and adhesion 6, 36 (Figure 7A, C). Interestingly, 

LOR showed a strong positive correlation with 

ITGB3 (r = 0.8018, p = 0.0056), a gene in-

volved in integrin-mediated signaling and 

metastatic progression 37, 38 (Figure 7B). This 

contrasting relationship may reflect 

gene-specific regulatory networks or con-

text-dependent roles of integrins in melanoma 

progression. We also examined the association 

between LOR and CDK1, a cell cycle regula-

tor known to promote melanoma growth and 

poor prognosis when overexpressed 7, 39, 40. The 

analysis showed a significant negative correla-

tion (r = –0.3966, p = 0.0002), further sup-

porting a potential tumor-suppressive role of 

LOR in melanoma (Figure 7D). Collectively, 

these findings suggest that low LOR expres-

sion is associated with upregulation of metas-

tasis-promoting genes, reinforcing its putative 

role as a negative regulator of melanoma pro-

gression and metastasis. However, the hetero-

geneous correlations observed also point to 

potential sample variability and con-

text-specific interactions, warranting further 

investigation in larger cohorts and functional 

studies. 

DISCUSSION 
Melanoma is an aggressive form of skin 

cancer arising from melanocytes, and its global 

incidence has steadily increased over recent 

decades, particularly among fair-skinned pop-

ulations exposed to ultraviolet radiation 3. 

While early-stage melanoma can be effectively 

treated by surgical excision, advanced and 

metastatic melanoma continues to carry a poor 

prognosis due to its rapid dissemination and 

limited responsiveness to therapy. Although 

immune checkpoint inhibitors and 

BRAF/MEK inhibitors have significantly im-

proved patient outcomes, a substantial propor-

tion of patients ultimately experience disease 

progression or relapse 2, 41. 

Metastasis remains the leading cause of 

melanoma-related death. The ability to predict 

and suppress metastasis is therefore critical to 

improving patient outcomes. Traditional his-

topathological parameters and clinical staging 

systems, while informative, are insufficient to 

stratify metastatic risk in many cases. In this 

context, transcriptomic profiling and bioin-

formatic screening of public datasets offer a 

powerful means to identify key regulators and 

potential therapeutic targets involved in mela-

noma dissemination 42, 43. In this study, we 

integrated three independent GEO datasets 

(GSE65904, GSE59455, GSE8401) to identify 

differentially expressed genes (DEGs) between 

primary and metastatic melanoma. From 37 

consistently altered DEGs, we used PPI net-
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work analysis and multi-algorithmic hub gene 

ranking to identify Loricrin (LOR), Filaggrin 

(FLG), and Keratin 6B (KRT6B) as key hub 

genes associated with melanoma progression. 

LOR is a major structural component of 

the cornified envelope, contributing to epider-

mal differentiation and barrier formation. 

Though well-characterized in skin disorders 

like ichthyosis and psoriasis, its role in malig-

nancy has remained largely unexplored 17, 18, 44, 

45. Our study revealed that LOR expression is 

significantly downregulated in metastatic 

melanoma and that high LOR expression cor-

relates with improved metastasis-free survival 

(MFS), suggesting a tumor-suppressive func-

tion. Moreover, LOR expression was nega-

tively correlated with ADAM12, ITGA4, and 

CDK1—key mediators of extracellular matrix 

degradation, cell adhesion, and prolifera-

tion—but positively associated with ITGB3, a 

molecule involved in integrin signaling and 

sometimes implicated in immune modulation 

or adhesion stabilization 6, 35, 38, 39. These data 

suggest that LOR may modulate metastatic 

potential through regulation of epithelial integ-

rity and signaling cascades, and our findings 

mark the first implication of LOR in melano-

ma metastasis using transcriptomic analysis. 

FLG, another essential barrier-related 

protein, plays a critical role in keratinocyte 

terminal differentiation and hydration of the 

stratum corneum. Loss-of-function mutations 

in FLG are known to impair epithelial barrier 

function and are associated with increased risk 

of HPV-related and skin cancers 46, 47. In our 

analysis, FLG was also downregulated in met-

astatic melanoma tissues, although its expres-

sion did not significantly correlate with MFS 

or recurrence, suggesting a potentially more 

context-specific role in melanomagenesis or an 

indirect contribution to tumor microenviron-

ment remodeling. 

KRT6B is a stress-induced intermediate 

filament protein involved in epithelial repair, 

keratinocyte migration, and re-epithelialization. 

Its expression is typically elevated in response 

to skin injury or inflammation and has been 

linked to cell proliferation and drug resistance 

in several cancers, including bladder, ovarian, 

and gastric carcinoma 48-51. Interestingly, in our 

study, KRT6B was significantly downregulated 

in metastatic melanoma samples, suggesting 

that suppression of KRT6B may reflect a loss 

of epithelial differentiation or a shift toward a 

more mesenchymal or stem-like phenotype 

conducive to invasion. However, unlike LOR, 

KRT6B did not show a statistically significant 

correlation with MFS, indicating that its clini-

cal relevance in melanoma metastasis may be 

more subtle or temporally regulated. 

Collectively, our findings highlight a 

shared pattern of downregulation of epithelial 

structural genes—LOR, FLG, and KRT6B—in 

metastatic melanoma, supporting the hypothe-

sis that loss of epithelial integrity contributes 

to metastatic dissemination. While FLG and 

KRT6B also exhibited downregulation in met-

astatic melanoma, their prognostic significance 

appeared less robust compared to LOR. Of 

these, LOR appears to have the most consistent 

prognostic value, with potential as a novel 

biomarker for metastatic suppression and risk 

stratification. However, several limitations 

should be acknowledged. First, this study re-

lies on retrospective transcriptomic datasets 

generated from different microarray platforms, 

which may introduce batch effects or technical 

biases despite normalization. Second, although 

we identified LOR as significantly associated 

with metastasis-free survival, we did not strat-

ify samples based on key clinical or molecular 

subtypes such as BRAF, NRAS, or NF1 muta-

tions, which may influence gene expression 

profiles and metastatic behavior. Third, the 

findings are primarily correlative, and the sup-

pressive role of LOR in melanoma progression 

requires further validation using functional 

assays in cell lines, animal models, or pa-

tient-derived tissues. Additionally, most in-

cluded datasets were derived from Western 

populations, which may limit the applicability 

of our findings to more diverse ethnic cohorts. 

Future studies should aim to address these 

limitations by incorporating multi-omics ap-

proaches, stratified clinical analyses, and ex-

perimental validation to confirm the mechanis-

tic role of LOR in melanoma metastasis. 

Beyond its biological implications, the 

clinical applicability of LOR as a metasta-

sis-suppressive biomarker merits further con-

sideration. The consistent downregulation of 

LOR in metastatic melanoma, along with its 

association with improved metastasis-free 

survival, suggests that LOR expression may be 

integrated into biomarker panels (e.g., 

BRAF/NRAS status) to stratify patients based 

on metastatic risk. Such a panel could com-

plement existing staging systems and poten-

tially guide decisions on surveillance intensity 

or adjuvant therapy. Moreover, if validated in 

larger cohorts, LOR may serve as a therapeutic 

marker for patient selection in clinical trials 

targeting metastatic pathways. However, the 

translation of LOR into a clinical biomarker 
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will require standardized assays—such as im-

munohistochemistry for tissue detection or 

qPCR-based quantification—and prospective 

validation across diverse melanoma subtypes 

and patient populations. These steps are essen-

tial to ensure robustness, reproducibility, and 

clinical utility in real-world settings. 

CONCLUSIONS 
In this study, we integrated tran-

scriptomic data from multiple independent 

GEO datasets and identified LOR, FLG, and 

KRT6B as key downregulated genes in meta-

static melanoma. Among them, LOR showed 

prognostic significance, correlating with long-

er metastasis-free survival and inverse expres-

sion of metastasis-related genes. These find-

ings suggest LOR as a potential suppressor of 

melanoma metastasis and a promising prog-

nostic biomarker, though further validation is 

needed. 
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FIGURE AND FIGURE LEGENDS 

 

 
Figure 1. Identification of differentially expressed genes (DEGs) in melanoma 

datasets. (A–C) Volcano plots of DEGs between metastatic and primary melanoma 

tissues in the GSE8401, GSE59455, and GSE65904 datasets. Red dots: significantly 

upregulated genes; blue dots: significantly downregulated genes; gray dots: 

non-significant. (D) The list showing sample distribution across datasets. (E) Venn 

diagram showing 37 overlapping DEGs among the three datasets. 
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Figure 2. GO and KEGG enrichment analysis of DEGs. (A) Biological process 

(BP) terms of DEGs after GO analysis. (B) Cellular component (CC) terms of DEGs 

after GO analysis. (C) Molecular function (MF) terms of DEGs after GO analysis. (D) 

KEGG pathway of DEGs after KEGG analysis. 
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Figure 3. Identification of hub genes from PPI network analysis. (A) PPI network 

of overlapping DEGs constructed using STRING database. (B) MCODE module 

analysis showing densely connected clusters. (C–G) Top 10 ranked hub genes identi-

fied using five CytoHubba algorithms (MCC, Degree, DMNC, NMC, EPC). (H) Venn 

diagram showing three consensus hub genes shared across all algorithms. 
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Figure 4. Expression levels of hub genes in melanoma versus normal tissues. 

(A-C) GEPIA platform analysis showing the expression in melanoma compared to 

normal skin tissues: keratin 6B (KRT6B), loricrin (LOR), and filaggrin (FLG). *p < 

0.05. 

 

 

Figure 5. Expression of hub genes in recurrence/metastasis TCGA melanoma 

dataset. (A–C) Expression of KRT6B, LOR, and FLG in melanoma with or without 

metastasis. (D–F) Expression levels in recurrent versus non-recurrent melanoma tis-

sues. *p < 0.05.  
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Figure 6. Kaplan–Meier analysis of metastasis-free survival (MFS) based on hub 

gene expression in the GSE65904 cohort. Patients were stratified into two groups 

based on gene expression levels: the top 25% were defined as the high-expression 

group, and the remaining 75% as the low-expression group. Kaplan–Meier survival 

curves were used to compare MFS between the two groups for KRT6B, LOR, and 

FLG. Log-rank test p-value and hazard ratios (HR) are shown on the plots. *p < 0.05. 

 

Figure 7. Correlation of LOR expression with metastasis-related genes in mela-

noma. Scatter plots depict the correlation between LOR expression and the expres-

sion of ADAM12, ITGA4, CDK1, and ITGB3 in the GSE8401 dataset. Pearson cor-

relation coefficients (r) and corresponding two-tailed p-values are indicated. *p < 

0.05. 
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Multi-Dataset Transcriptomic Analysis Uncovers Loricrin as a Key Suppressor of 

Melanoma Metastasis 

整合多重轉錄體資料揭示 Loricrin 為黑色素瘤轉移之關鍵

抑制因子 

張耀仁 1,2 張琮銘 2 林致凡 3 劉如芳 3 ,4, 張繼仁 5, 6* 

中文摘要 

背景：黑色素瘤是一種高度侵襲性的皮膚癌，一旦發生轉移，預後極差。鑑

別具有轉移抑制潛力的生物標誌物，對於改善臨床治療成效至關重要。材料與方

法：本研究整合三個 GEO 資料庫數據集（GSE65904、GSE59455、GSE8401），

分析轉移性與原發性黑色素瘤組織間的差異表現基因（DEGs）。藉由 STRING、

Cytoscape（MCODE、CytoHubba）及 Venn 分析進行 GO/KEGG 功能富集、蛋白

質交互作用（PPI）網絡建構與核心基因篩選。臨床相關性則透過 GEPIA 與

OSdream 平台加以驗證。結果：共鑑定出 37 個重疊的 DEGs，富集於角質形成

細胞分化與上皮屏障功能等相關途徑。其中，loricrin（LOR）、角蛋白 6B（KRT6B）

與 filaggrin（FLG）在黑色素瘤中表現一致下調，並被鑑定為核心基因。LOR 表

現量與較長的無轉移存活期（metastasis-free survival, p = 0.0466）相關，且其表

現與 ADAM12、ITGA4、CDK1 等促轉移基因呈負相關。此結果顯示 LOR 可能

具轉移抑制作用。結論：LOR 為一潛在預測黑色素瘤轉移與疾病進展的生物標

誌物，具臨床預後與治療開發應用價值。 

 

關鍵字：黑色素瘤、轉移、Loricrin（LOR）、生物資訊學、差異表現基因（DEGs） 
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ABSTRACT 

Lumbar disc herniation is a common condition, but adjacent segment disease 

(ASD) without prior surgery is rare. We aimed to reveal the chance of spontaneous 

regression with adjacent level disc herniation by presenting a case of a 36-year-old 

woman who experiencing chronic low back pain and subsequent radiation pain in 

both lower extremities. She did not undergo surgical intervention at first. With differ-

ent complaint, she returned to clinic. Magnetic resonance imaging (MRI) showed 

spontaneously regressed lumbar herniated disc and a newly developed disc herniation 

at upward adjacent level without surgical intervention. Regression of the lumbar disc 

herniation is not a rare condition. For patients that has no absolute indication to sur-

gery, conservative treatment could be attempted first. However, limited research exists 

on ASD in patients without prior surgery, making it difficult to conclude whether this 

patient's condition is ASD or an unrelated disc degeneration event. 

 

Keywords: Herniated disc, Spontaneous regression, Low back pain, Lumbar radiculopathy, Adjacent 

Segment Disease 

INTRODUCTION 
Lumbar disc herniation is a common 

problem that neurosurgeon would face in the 

clinic. Lumbar disc herniation might compress 

nerve roots, leading to radiculopathy or even 

cauda equina syndrome. Patients with symp-

tomatic lumbar disc herniation can be treated 

either non-surgically or surgically. Most of the 

symptoms of lumbar herniated disc would be 

relieved within 6 weeks 1. In addition, it was 

observed on some of these patients, that the 

herniated part of the intervertebral disc shrank 

or even disappeared, through imaging exami-

nations such as magnetic resonance imaging 

and computerized tomography 1-3. However, it 
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was rare to see adjacent segment disease in a 

patient without receiving operation. Adjacent 

segment disease involves new symptoms at 

spinal levels adjacent to a previously treated 

site, often arising from increased mechanical 

stress after fusion surgery. Although fusion is 

commonly associated with ASD, studies sug-

gest it can also occur following procedures like 

laminectomy and laminoplasty, with varying 

reoperation rates. Here we present a case of 

spontaneous complete regression of lumbar 

herniated intervertebral disc with a new herni-

ated disc a level above in a 36- year-old wom-

an and review literature to explain this phe-

nomenon. 

CASE REPORT 
A 36-year-old woman without any un-

derlying disease complained of chronic low 

back pain for several years. The symptoms 

became more apparent, and she developed 

radiation pain in both lower extremities, with 

the right side being more predominant. Upon 

physical and neurological examination, the 

straight leg raising test was positive at an angle 

of 30 degrees on the right side. Lumbar spinal 

magnetic resonance imaging (MRI) revealed a 

ruptured disc at L5/S1 (Figure 1), causing 

compression of the right S1 root. We suggested 

surgical intervention; however, she preferred 

conservative treatment. 

Five years later, she presented to our 

outpatient clinic again, this time complaining 

of numbness in the right big toe for a few 

months. Follow-up MRI (Figure 2.) revealed 

the resolution of the previous L5/S1 ruptured 

disc, but a new herniated disc at the L4/5 level 

causing L5 radiculopathy was identified. De-

spite being advised to undergo surgical inter-

vention, she still preferred conservative treat-

ment. Eventually, she was lost to follow-up. 

This study was approved by Institutional 

Ethics Review Board (Permission reference: 

20240906R). 

DISCUSSION 
Since the year of 1984 when the first 

case of regression under non-surgical treatment 

was reported, regression without surgical in-

tervention has become a consideration when 

physicians plan treatment for symptomatic 

lumbar disc herniation 2.  

In 1996, Saal and his colleagues dis-

cussed different classification that might have 

impact on the nature course of lumbar disc 

herniation, including its type, location, associ-

ated anatomical, histochemical factors, clinical 

characteristics, and individual factors on the 

nature course of lumbar disc herniation 3.  

Since then, many papers were published 

to figure out the regression rate of symptomat-

ic lumbar disc herniation. A systemic review in 

2020 analyzed 38 articles 4. The pooled inci-

dence of regression was 63%. The issue is 

determining the appropriate timing for surgical 

intervention. A study included in this me-

ta-analysis revealed no regression within 45 

days 7. Therefore, the author indicated that we 

should not expect the symptoms subsided 

within 6 weeks after onset. There were 7 in-

cluded studies that showed similar regression 

incidence to the pooled incidence of regression 
8-14. The shortest follow-up time among these 7 

studies was 4 months 4,14. The average fol-

low-up period of the other six studies was 10.5 

months 4,8-13. Based on the results, the authors 

suggest a follow-up timeline that consists of 

the time points 4 and 10.5 months after onset 

when deciding whether to perform surgery.  

Besides incidence and timing of regres-

sion, many researchers aimed to find out which 

type of the disc herniation has the highest re-

gression rate 3,5,6. The classification of disc 

herniation includes bulge, protrusion, extrusion, 

and sequestration. A review pointed out that 

macrophage regulation of inflammatory medi-

ators, matrix metalloproteinases, and specific 

cytokines in intervertebral disc is necessary for 

the spontaneous reabsorption of lumbar disc 

herniation 5. Since extrusion and sequestration 

of lumbar disc herniation can squeeze out of 

the epidural space, it sets up conditions condu-

cive for macrophage infiltration and neovas-

cularization 5. A recent meta-analysis found 

that the pooled overall incidence of disk re-

sorption was 70.39%, with the highest rate 

observed for disc sequestration at 87.77%, 

followed by extrusion at 66.91%, disc protru-

sion at 37.53%, and disc bulge at 13.33%, 

respectively 6. 

Another interesting issue in this case is 

adjacent segment disease. Our patient devel-

oped a bulging disc at the level adjacent to the 

previously herniated one. Adjacent segment 

disease is primarily defined as the presentation 

of new symptoms referable to an adjacent level 

after undergoing surgical intervention, particu-

larly following fusion. It is thought to arise 

from increased biomechanical demands on 

segments adjacent to a fused area, which may 

transmit greater forces and lead to degenera-

tion. 15 

Laminectomy has been considered an 

option to reduce the incidence rate of adjacent 
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segment disease compared to fusion. Never-

theless, a review article published in 2013 

pointed out that adjacent segment disease can 

occur not only after spinal fusion but also fol-

lowing laminectomy. Reoperation rates after 

laminectomy for spinal stenosis without spon-

dylolisthesis range from 2.7% to 36% over 5 to 

10 years. Furthermore, laminoplasty could also 

cause adjacent segment disease. Notably, there 

was a significant difference in reoperation 

rates compared to laminectomy. 16 

Until now, there have been very few ar-

ticles describing the phenomenon of a patient 

suffering from adjacent segment disease with-

out operation. The natural progression of lum-

bar degenerative disease involves the gradual 

drying out of all lumbar discs, although the 

rate of degeneration varies among different 

spinal segments. 16 More evidence is needed to 

determine whether our patient has adjacent 

segment disease or if this is an isolated event. 

CONCLUSION 
Spontaneous regression of the lumbar 

disc herniation is not a rare condition. For 

patients that has no absolute indication to sur-

gery, conservative treatment could be attempt-

ed first. Patient such as the case presented 

above suffering from disc sequestration might 

have the greatest chance of spontaneous re-

sorption. In addition, we could also pay atten-

tion on its adjacent segment to see if there is 

any degenerative change. The question of 

whether non-surgical treated disc herniation 

could easily lead to accelerated degeneration 

of adjacent segments is worth exploring. 
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FIGURE AND FIGURE LEGEND 
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Figure 1. Lumbar spinal MRI obtained before first presentation. A. Sagittal view of 

lumbar spine. A ruptured disc at L5/S1 protruded to canal. B. Axial view of the af-

fected level (L5/S1). The ruptured disc resulting in S1 root compression. C. Axial 

view of the affected level (L5/S1). 
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Figure 2. Lumbar spinal MRI obtained after second presentation. A. Sagittal view of 

lumbar spine. A ruptured disc protruded to canal at L4/5. B. Axial view of the L4/5 

level (yellow arrow in Figure2A.). The ruptured disc resulting in right L5 root com-

pression. C. Axial view of the L5/S1 level (White arrow in Figure 2A). The protruded 

disc regressed spontaneously 
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Spontaneous Regression of Lumbar Disc Herniation with Adjacent Level Disc Herni-

ation– A Case Presentation and Literatures Review 

病例報告及文獻回顧：腰椎椎間盤突出的自發性消退伴隨鄰

近節次椎間盤突出 

張起榮 1,2, 蔡明達 1,3,* 

中文摘要 

腰椎間盤突出是一種常見的疾病，但在無手術病史的情況下出現鄰近節段疾

病（ASD）則較為罕見。我們旨在透過介紹一例 36 歲女性的案例來揭示自發性

消退緩解但卻衍生出鄰近節段椎間盤突出的機率。她經歷了慢性腰痛以及隨後的

雙下肢放射痛。最初她沒有接受手術介入。隨著症狀的改變，她再次回到門診。

磁振造影（MRI）顯示，原腰椎間盤突出在沒有手術介入的情況下自發性緩解，

但在上方鄰近節段出現新的椎間盤突出。腰椎間盤突出的自發性緩解並非罕見情

況。對於沒有絕對手術適應症的患者，臨床上可以先嘗試保守治療。然而，目前

對於無手術病史的患者出現 ASD 的研究非常有限，因此很難判斷該患者的情況

是 ASD 還是單純獨立的椎間盤退化現象。 

 

關鍵字：椎間盤突出、自發性消退、下背痛、腰椎神經根病變、鄰近節段病變 
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ABSTRACT 

Psoriasis is a chronic inflammatory dermatosis. Ixekizumab is a monoclonal an-

tibody that targets interleukin 17A (IL-17A) and indicated for plaque psoriasis. In 

2024, a study analyzed the long-term safety of ixekizumab in patients with psoria-

sis(6892 cases) and identified 31 cases of inflammatory bowel disease (IBD; 0.5%, 

incidence rate 0.2 per 100 PY), of which 18 were cases of ulcerative colitis (0.3%, 

incidence rate 0.1 per 100 PY) and 13 of Crohn’s disease (CD; 0.2%, incidence rate 

0.7 per 100 PY). However, subgroup analysis of Japanese patients in a phase III study 

on ixekizumab uncovered no cases of IBD. The literature suggest that CD following 

ixekizumab therapy is uncommon, especially in Asian patients. Herein, we report the 

case of a Taiwanese patient who developed rapid-onset de novo CD following ixeki-

zumab therapy for chronic plaque psoriasis. Ixekizumab therapy was administered as 

per the instruction sheet, and his symptoms appeared 2 days following the 2nd dose of 

ixekizumab. Due to the rarity, we report this case to highlight the importance of ad-

verse event. Early detection and diagnosis result in a good outcome. Physicians 

should be alert to its possibility. Careful history taking of gastrointestinal symptoms is 

recommended before and after anti-IL-17 therapy. 

 

Keywords: psoriasis, Crohn’s disease, biologics, ixekizumab, IL-17 
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INTRODUCTION 
Psoriasis is a chronic inflammatory der-

matosis, which is a systemic disorder associated 

with arthritic, psychological, cardiovascular, and 

metabolic complications. 1 According to the 

Taiwan National Health Insurance Research 

Database (NHIRD) from 2006 to 2017, the prev-

alence of psoriasis increased from 0.18% to 

0.86%, but its incidence rate remained constant 

at 62–65 per 100,000 person-years (PY).1 This 

result suggests that new medications, such as 

various biologic agents, have improved the life 

expectancy of patients with psoriasis.1 However, 

the immunomodulatory effects and long‐course 

treatments of biologic therapies for psoriatic 

patients may lead to adverse outcomes arising 

from inadequate immune-mediated reactions.2 

Ixekizumab is a monoclonal antibody that 

targets interleukin 17A (IL-17A).2 In 2024, a 

study analyzed the long-term safety of ixeki-

zumab in patients with psoriasis including 6892 

patients from 17 randomized controlled trials 

(RCTs); the analysis identified 31 cases of in-

flammatory bowel disease (IBD; 0.5%, incidence 

rate 0.2 per 100 PY), of which 18 were cases of 

ulcerative colitis (0.3%, incidence rate 0.1 per 

100 PY) and 13 of Crohn’s disease (CD; 0.2%, 

incidence rate 0.7 per 100 PY).2 However, sub-

group analysis of Japanese patients in a phase III 

study on ixekizumab uncovered no cases of ul-

cerative colitis or CD.3 Overall, results in the 

literature suggest that CD following ixekizumab 

therapy is uncommon, especially in Asian pa-

tients. Herein, we report the case of a Taiwanese 

patient who developed rapid-onset de novo CD 

following ixekizumab therapy for chronic plaque 

psoriasis. 

CASE REPORT 
A 28-year-old Taiwanese man with a his-

tory of psoriasis vulgaris presented to the emer-

gency department with acute-onset abdominal 

pain and bloody diarrhea. His vital signs were 

stable, and no additional symptoms or signs of 

infection were present. He denied a personal or 

family history of IBD and was a teetotaler and 

nonsmoker. Ixekizumab therapy was adminis-

tered as per the instruction sheet. Symptoms 

appeared 2 days following the 2nd dose of 

ixekizumab. No other systemic drug exposure 

was noted. 

His white blood cell count was 9500/mm3 

and C-reactive protein level was 0.28 mg/dL. 

Other blood test results were within normal lim-

its. A stool test revealed occult blood without pus, 

and no abnormal bacteria were found in the stool 

culture. Colonoscopy revealed some large ulcers 

and small aphthous-like ulcers in the ileocecal 

valve and ascending colon (Figure. 1). Samples 

were taken from these ulcers for mycobacterial 

culture and pathology tests. Histopathology re-

sults indicated colonic tissue with fissuring ul-

cers, granulation tissue formation, and prolifera-

tion of collagen fibers. Focal distortion of archi-

tecture and transmural lymphocytic infiltration 

were noted. Moderate lymphoplasma cells and 

some neutrophil infiltration were detected in the 

stroma (Figure. 2). Acid-fast staining and myco-

bacterial culture yielded negative results.  

The patient received a diagnosis of CD on 

the basis of his clinical presentation, colonosco-

py findings, histological analysis, and laboratory 

results. According to his history, biologics agents 

induced CD was highly suspected. Ixekizumab 

was stopped, and the patient was treated with 

mesalazine at a daily dose of 2 g. His symptoms 

started improving after 1 week of mesalazine 

treatment. No recurrence was noted within a 

7‑month follow‑up period. 

DISCUSSION 
CD is a chronic and relapsing inflammato-

ry disorder of the intestinal tract and commonly 

affects the terminal ileum and proximal colon. 

The symptoms of CD are diverse and dependent 

on location and severity. The common clinical 

presentations include diarrhea, abdominal pain, 

weight loss, and fatigue. 4 The risk factors in-

clude having an affected first-degree relative, 

cigarette smoking, antibiotic exposures and ul-

tra-processed foods. 4 Nevertheless, the con-

cordance rate for CD only reaches 50% in 

monozygotic twins. 4 This result emphasizes the 

importance of non-genetic factors in patients 

with CD. The possible mechanism for the path-

ogenesis of CD is recognized to be multifactorial 

with the hypotheses of the interactions between 

genetic, environmental, and microbial factors 

resulting in the induction of dysregulated im-

mune responses in genetically susceptible 

groups.4 The incidence rates of CD were rela-

tively low in adults from Asian countries.5 A 

retrospective study based on data in Taiwan re-

ported that the annual incidence of CD was 

0.47/100,000 persons in 2015, which was ex-

tremely low compared with that in other coun-

tries.5  

IL-17 is a proinflammatory cytokine se-

creted by various mimmune cells, including in-

nate lymphoid cells (ILC), mucosal‐associated 

invariant T cells (MAIT) and T helper cells 6, 

and blockade of IL-17 reveals clinical improve-

ment in psoriasis and multiple immune‐mediated 

diseases 6. The expression of IL-17 was reported 
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to be higher in the intestinal mucosa of patients 

with IBD. Therefore, the inhibition of IL‐17 

pathway was thought to have a beneficial thera-

peutic effect in treating IBD. 6 Though interest-

ingly, clinical trials involving patients with IBD 

suggest that anti‐IL‐17 agents have failed to 

display clinical benefits and even cause exacer-

bations of clinical presentations in patients with 

CD. 6 Furthermore, new onset of IBD patients 

following treatment with IL‐17 blockers have 

been recorded in both clinical researches and 

postmarketing drug surveillance. 6 As a result, 

IL-17 may have paradoxical effects in the path-

ogenesis of IBD.6 This may be because blockade 

of IL-17 can weaken immunity against patho-

gens and induce epithelial barrier breakdown.6 

Moreover, inhibiting IL-17 can modify the cyto-

kine environment and disrupt the expression of 

IL-22, which promotes mucosal healing.6 But, 

the rarity of new-onset IBD cases following the 

treatment with IL‐17 inhibitors and the presence 

of several zero‐event clinical trials suggest that 

interpretation of the association between anti‐IL‐

17 antibodies and IBD needs caution.6 In 2019, a 

systematic review and meta-analysis including 

16,690 patients from 38 RCTs who were treated 

with anti-IL-17 agents revealed that the risk of 

new-onset IBD was statistically nonsignificant.6  

However, a real-world study using data 

from the US Food and Drug Administration’s 

Adverse Event Reporting System database from 

2015 to 2022 demonstrated that IL-17 inhibitor 

treatment was associated with exacerbation of 

IBD and new-onset IBD.7 The onset time of 

symptoms was mainly within 6 months of thera-

py, and 18.5% of cases developed symptoms 

within one month. The median time to onset of 

IBD symptoms was 2.9 months. The median age 

was 42 years. The typical presentations included 

diarrhea (90.9%), abdominal pain (57.6%), 

bloody diarrhea (51.5%), and fever (36.4%). 

Cessation of biological agent plus treatment 

could result in complete clinical remission for 

those IBD patients in association with IL-17 

blockers. The clinical courses were different 

from the other CD patients with chronic and 

relapsing presentations. The median time to re-

mission after IL-17 inhibitor discontinuation was 

4 weeks, and 20% of patients subsided within 2 

weeks.  

There is limited literature for rapid-onset 

de novo CD following ixekizumab therapy in 

Asian patients. Due to the rarity, we report this 

case to highlight the importance of adverse event. 

Early detection and diagnosis result in a good 

outcome. Physicians should be alert to its possi-

bility. Careful history taking of gastrointestinal 

symptoms is recommended before and after an-

ti-IL-17 therapy. Additional cases should be re-

ported to enhance postmarket pharmacovigi-

lance. 

*The study was approved by the Institu-

tional Review Board on 2024-9-20 (IRB No.: 

20240910R) 

REFERENCES 
1. Ireny Y K Iskandar, Teng-Chou Chen, 

Li-Chia Chen, Meng-Sui Lee, Yen-Yun 

Yang, Ting-Chun Wang, etc. Incidence, 

Prevalence, and Mortality of People with 

Psoriasis and Psoriatic Arthritis in Taiwan: 

A Nationwide Cohort Study. Acta Derm 

Venereol. 2022; 102: 1962. 

2. Atul Deodhar, Andrew Blauvelt, Mark 

Lebwohl, Meghan Feely, Andris Kronbergs, 

Nadezhda Eberhart, etc. Long-term safety 

of Ixekizumab in adults with psoriasis, 

psoriatic arthritis, or axial spondyloarthritis: 

a post-hoc analysis of final safety data 

from 25 randomized clinical trials. 

Arthritis Res Ther. 2024; 26: 49. 

3. Efficacy and safety of ixekizumab 

treatment for Japanese patients with 

moderate to severe plaque psoriasis, 

erythrodermic psoriasis and generalized 

pustular psoriasis: Results from a 52-week, 

open-label, phase 3 study (UNCOVER-J). 

J Dermatol. 2017 Apr; 44:355-362. 

4. Michael Dolinger, Joana Torres, Severine 

Vermeire. Crohn's disease. Lancet. 2024; 

403:1177-1191. 

5. Satimai Aniwan, Priscila Santiago, Edward 

V Loftus Jr, Sang Hyoung Park. The 

epidemiology of inflammatory bowel 

disease in Asia and Asian immigrants to 

Western countries. United European 

Gastroenterol J. 2022; 10:1063-1076. 

6. Akihiro Yamada, Jingzhou Wang, Yuga 

Komaki, Fukiko Komaki, Dejan Micic, 

Atsushi Sakuraba. Systematic review with 

meta-analysis: risk of new onset IBD with 

the use of anti-interleukin-17 agents. 

Aliment Pharmacol Ther. 2019; 

50:373-385.  

7. Zhenzhen Deng, Shengfeng Wang, Cuifang 

Wu1, Chunjiang Wang. IL-17 

inhibitor-associated inflammatory bowel 

disease: A study based on literature and 

database analysis. Front Pharmacol. 2023; 

14: 1124628. 

8. .

 



Fu-Jen Journal of Medicine Vol. 23, No. 3, 2025 

 
Rapid-onset de novo Crohn’s Disease following Ixekizumab therapy 

Ching-Wen Huang, Shu-Han Huang, Gong-Yau Chu 

43 

FIGURE AND FIGURE LEGENDS 

 

Figure 1. Colonoscopy image revealing multiple large ulcers and small aphthous-like 

ulcers. 

 

 

Figure 2. a: Examination of colonic mucosal biopsy specimens in low-power view 

indicating fissuring ulceration of the colonic mucosa with epithelial damage and 

structural changes. Focal areas of transmural inflammation are noted. 

b: Examination of colonic mucosal biopsy specimens in high-power view indicating 

granulation tissue formation with active infiltration of inflammatory cells. 
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Rapid-onset de novo Crohn’s Disease following Ixekizumab therapy in patient with 

chronic plaque psoriasis: A Case Report and Literature Review 

使用 Ixekizumab 後快速發生克隆氏症的斑塊型乾癬病人病

例報告 

黃敬雯 1 黃書瀚 2 朱宮瑤 3,4,* 

中文摘要 

乾癬是慢性發炎的皮膚疾病，生物製劑為近代廣泛使用的治療。Ixekizumab

為一種單株抗體，是針對與乾癬致病機轉的 IL-17開發的藥物，已經核准並且用

於臨床。在 2024 年一篇長期安全性報告中，有提及此藥物可能會誘發發炎性腸

道疾病，雖然發生率極低，潰瘍性結腸炎為千分之三，克隆氏症為千分之二，但

是依然值得注意。發炎性腸道疾病在亞洲族群發生率是低於歐美族群，並且此藥

物在臨床實驗時，納入的亞洲族群日本人並無任何人罹病。但是我們以

Ixekizumab 治療一名 28 歲無任何過去病史及家族史的乾癬病人後，卻產生克隆

氏症，其發生速度快，依仿單使用在第二劑施打完二天，就發生血便腹痛症狀，

經大腸鏡檢查並切片證實，病人也在馬上停藥治療後，一周後緩解，七個月皆無

復發，此一罕見使用 Ixekizumab 後快速發生克隆氏症病例報告，顯示臨床醫師

早期發現，早期治療期，可獲得良好預後。 

關鍵字：乾癬、克隆氏症、生物製劑 
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